j3-Ionone, an end ring analog of ,8-carotene, inhibits astaxanthin production in the red yeast Phaffia rhodozyma. Astaxanthin-overproducing mutants of this yeast are easily spotted on 13-ionone-containing yeast malt agar plates. 13-lonone appears to block astaxanthin synthesis at the 1-carotene level.
Synthetic astaxanthin (3,3'-dihydroxy-P,P-carotene-4,4'-dione) and canthaxanthin (,B,-carotene-4,4'-dione) are not approved by the Food and Drug Administration for addition to the ration of farm-reared salmon for flesh coloration (10).
Phaffia rhodozyma is the most promising microbial source of astaxanthin and is an effective source of astaxanthin and other nutrients for salmon (3, 5) . However, astaxanthinoverproducing strains of the yeast are needed for commercial development. This report describes the use of ,-ionone to screen for overproducers; Okagbue and Lewis (8, 9) previously noted lack of pigmentation of this yeast in saponin-and P-ionone-containing media.
P. rhodozyma (FS&T 67-210 from University of California, Davis) was maintained on YM slants. P-Ionone was dissolved in ethanol and added to YM agar just before being poured onto plates; control plates contained the same amount of ethanol. Cells grown to early log phase were mutagenized with N-methyl-N'-nitro-N-nitrosoguanidine. For analysis, cells were harvested and extracted and their carotenoid content was quantified substantially by the methods of An et al. (1) .
When early-log-phase cells of P. rhodozyma were plated on ,-ionone-YM agar plates, the colonies grew as fast as the controls and displayed the same cell shape and bud formation as untreated cells. However, on ,-ionone media, there was some loss of viability (20% at 10' M 1-ionone) and the colonies changed color from red-pink toward yellow and yellow-white as the r-ionone concentration increased. From a mutagenized population of strain 67-210, mutant NTG-3 was selected because of its intense red color on P-ionone (10-5 M); in flask culture, this mutant was found to contain 600 p.g of total carotenoid per g of culture. When the procedure was repeated, a similar colony, NTG-3-7, was selected from a P-ionone (10-4 M) plate. This yielded 1,000 ,ug of total carotenoid per g of flask culture. This organism was compared with 67-210 to characterize the P-ionone screen.
P. rhodozyma 67-210, when grown in shake flasks, contained more total carotenoid, more astaxanthin, and much less 4-hydroxy-3',4'-didehydro-P,iI-caroten-4-one than previously reported (1), possibly as a result of more highly aerated growth conditions. The mutant NTG-3-7 contained more oxycarotenoids and a smaller amount of carotenes than 67-210 ( (Table 2) . At a P-ionone concentration of 10-4 M, the astaxanthin concentration in 67-210 decreased nearly fivefold, whereas the astaxanthin content of NTG-3-7 was unaffected; the ,-carotene level in 67-210 increased fourfold, and ,-carotene replaced astaxanthin as the primary carotenoid present. This explains the yellow color of P-iononesensitive colonies. At 10-3 M ,-ionone, the astaxanthin content of NTG-3-7 decreased fivefold, the carotenes increased relative to the oxycarotenoids, and in this case, P-zeacarotene was present; this carotene was previously reported in this yeast under microaerophilic conditions (4). At 10-4 M r-ionone, NTG-3-7 contained about the same amount and kind of carotenoids as 67-210 growing without 3-ionone ( Table 2) . Because of the low oxygen level (4) , production of oxygenated carotenoids is inhibited when P. rhodozyma grows on plates and the ability of higher producers such as NTG-3-7 to yield astaxanthin is not fully expressed. Thus, 67-210 and NTG-3-7 contain about the same amount of astaxanthin and other carotenoids when growing on control plates (Table  2) and are visually identical. The mutant can be detected only in the presence of the 1-ionone screen. This problem of detecting useful mutants can only worsen as astaxanthin yields improve, and it is likely that more-severe screens will be needed.
Although ,-ionone stimulates carotenogenesis in Phycomyces blakesleeanus (6) and Blakeslea trispora (7), there seems to be little if any stimulation of P-carotene formation in P. rhodozyma. 3-Ionone clearly inhibits xanthophyll formation, however, probably by blocking the astaxanthin pathway at the ,B-carotene level. 1-Ionone, being an end ring analog of P-carotene, may compete for oxygenation at C-3 and/or C-4 with P-carotene (which would therefore tend to accumulate) and the xanthophylls (which would therefore be present at lower levels). This suggestion is supported by the presence, in one case, of ,B-zeacarotene, which is otherwise formed only under microaerophilic conditions, and by the report that two fungi, Aspergillus niger and Cunninghamella blakesleeana, can oxidize 1-ionone to 4-hydroxy-1-ionone (2) .
